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Abstract 
This paper proposes the real time implementation of CDMA, a multiple access technique, which brings forth the complete 
bandwidth usage by spreading the data of same transmitted power, over the whole bandwidth thereby ensuring safe 
communication and preventing the occurrence of jamming. GNU Radio is a software defined radio which puts experiments into 
practice using software rather than the normal hardware implementation. Blocks for data spreading, code despreading with and 
without code tracking are created using Zero Correlation Zone code (ZCZ, a combination of ternary codes that is 1, 0 and -1 
which is specified in the program). Thus the real time implementation of CDMA checks the feasibility of an asynchronous 
multiuser communication among users with good results. 
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1. Introduction 
Recent development in digital communication system design can be mainly attributed to software algorithms 
rather than dedicated hardware design. The efforts to drive digital implementation to the antenna (wireless) and the 
cable (wired) can be summarized in SDR, Software Defined Radio. Software radio realises hardware problems by 
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converting into software problems1. This work aims at the real time implementation of Code division multiple 
access (CDMA) in SDR. CDMA is a multiplexing method of communication channels used by various radio 
communication applications. In CDMA, many transmitters send information simultaneously through a single 
communication channel and thus, a band of frequency is used by several users. To allow multiplexing without 
interference between the users, spread-spectrum technology is employed by CDMA and a methodology where each 
transmitter is assigned a code(special coding scheme).For example, if there are M users each user will be given their 
own code, ( )ix t ,where i=1,2,.......,M. The cross correlation between two codes is zero since codes used are 
orthogonal. The advantage of using the CDMA system is that all users can share the full spectrum asynchronously2. 
CDMA codes are the spreading sequence shared by the transmitter and receiver. The transmitter codes the 
information signal with the code sequence or spreading sequence and sends the coded signal after performing some 
modulation to the receiver. When the signal is received it is multiplied with the same code to remove the spreading 
and this process is known as despreading. In case of multiple receptions, the receiver should decode only the 
information sent by the desired transmitter and this can be made sure if the coding sequence satisfies the desired 
auto-correlation and cross-correlation properties. The bit rate of the spreading sequence is higher than the bit rate of 
the actual data. The ideal scenario for having spreading sequence would be random sequence of zeros and ones. In 
other words both transmitter and receiver should have a method to generate the same bit stream at transmitter and 
receiver yet retain the properties of random sequence.A large number of CDMA codes have been proposed for the 
same problem. There are different CDMA codes some of them are: PN sequence, M sequence, Gold sequence. 
Unlike these codes ZCZ is also a special code which exhibits zero cross correlation and impulsive auto correlation 
function but restricted to its zone. Zero multi-user interference (MUI) and zero multi-path interference (MPI) can be 
achieved provided that there is a small inter-user delay within the ZCZ window between the different users3. 
 
CDMA system using ZCZ codes is implemented in GNU Radio for real time application. GNU Radio is an open 
source SDR, a radio in which physical layer functions are achieved using software, which runs in an UNIX 
environment and implements the digital signal processing blocks. The GNU Radio graphical interface, GNU Radio 
Companion (GRC), provides some background knowledge on how GNU Radio works in conjunction with an 
USRP4 . The Comprehensive GNU Radio Architecture Network is a very active community which works on and 
share ideas for the improvement of GNU Radio and it is a great platform for open source projects based on GNU 
Radio. Python and C++are the main languages used in GNU Radio environment. The signal processing blocks are 
written in C++ and Python to do the implementation. GNU Radio enables waveform creation and software radio 
development using the pre-assembled signal processing blocks.IEEE P1900.1 group has worked to establish a 
definition and overview of SDR. GNU Radio has the advantage of being an open source software development tool 
kit5 and the CDMA implementation here involves the creation of three blocks spreading, despreading and code 
tracking which can be further used . This paper is organized as follows Section II theoretical overview. 
2. Theoretical overview 
2.1. CDMA Codes 
CDMA is a multiple channel access method which is achieved by spreading a single data bit over a longer 
sequence of transmitted bits by the use of spreading codes. Great care must be taken while choosing the chip 
sequences or spreading codes so that the data may be despreaded correctly at the receiver. Therefore, the ideal 
condition for these spreading codes is that they must be orthogonal. Orthogonality can be explained mathematically 
as, if n users and n-bit chip sequences as set of vectors are spanning the n-space, then sequence are orthogonal if any 
point in n-space is expressed by only one linear combination of the vectors in space. Practically, orthogonal vectors 
will allow correct decoding of the transmitted data. Orthogonality condition is highly useful in code tracking part 
even though the definition sounds a bit contrived and slower result estimation. Auto-correlation (how much a signal 
is similar to its lagged version) and cross-correlation (the similarity measure of a waveform with a delayed version 
of a different waveform) should be very high and very low respectively for an ideal DS-CDMA system. 
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2.2. ZCZ Codes 
Ideal impulsive autocorrelation function and zero cross correlation function are impossible to develop. Instead a 
Zero Correlation Zone (ZCZ) is developed in auto-correlation and cross-correlation. This will be a solution to the 
co-channel interference in CDMA systems that is caused by the auto-correlation of a signal (zero values at all values 
of t except at t=0 which a single peak) in auto and cross correlation. Fig. 1(a) and Fig. 1(b)3 shows zero correlation 
zone in auto-correlation and cross-correlation respectively. Inside the zone all the amplitude is zero, except at t=0 
for auto-correlation, and non-zero amplitude outside the zone.  
 
 
Fig. 1 (a).Auto correlation Function and its zone ZACZ    ; (b). Cross correlation Function and its Zone ZCCZ 
The ZCZ codes have been developed from the Golay Component pairs which has the zero auto-correlation property 
and between asynchronous users if a small delay is provided then zero multi-user interference and multi-path 
interference can be achieved, thus providing the flexibility for users to have different start time that fall within the 
zone. It is mainly the ZCZ code that is tested for real time applications rather than other contemporaries like quasi-
complementary sequence set, weighed complementary sequence and new kind of orthogonal sequence. The ZCZ 
code has been put into research for real time experiments and GNU Radio. The entire work is based on ZCZ 
property and how well the system performs for ZCZ codes. 
3. Mathematical Model 
3.1. Transmitter 
Let ( )b k  represent the data to be transmitted. The data to be transmitted is differentially encoded as 
 
( ) ( 1) ( )d k d k b k                       (1) 
The differentially encoded data is then spreaded using the spreading code 1a . The spreading code used in this system 
is a ZCZ code with length 64. 
 
 1( )( )ks d k at                     (2) 
The spread data is then passed to the RRC(Root Raised Cosine) filter for pulse shaping and then the signal is passed 
to the modulator. The modulated baseband signal is then transmitted. The transmitted signal is represented as ( )ks t . 
Fig. 2(a) illustrates spreading of the data and the corresponding signal spectrum in Fig. 2(b). 
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Fig. 2 (a).CDMA signal 6  ; (b).Spread Spectrum of input signal 
 
3.2. Reciever 
Let ( )y t  is the received baseband signal. It will be a combination of transmitted signal, noise and channel 
impulse response7 
1




y t h t s t n t
 
 ¦                      (3)
             
( )kh t = channel impulse response 
( )n t = noise 
( )ks t =transmitted signal  
The code acquisition is done to identify start of a symbol, and has to be done by the receiver. Once the start of the 
symbol is identified the receiver can use the code 1a  as used at the sender to do the despreading. The despreading is 
done by multiplying the received data with the code of the particular user. The multiplied data is integrated and sent 
to the differential decoder. In the differential decoder differential operation and decoding is performed to identify 
the data. 
3.3. CDMA spread spectrum decoding/encoding process 
For visualizing the operation of CDMA spread spectrum system, the simple method is to demonstrate by an 
example how the system operates in form of data bits, and also how it is recovered from CDMA spreaded signal. 
The initial part of the system is generating the CDMA signal. Take an example where 1001 is the data that is to be 
transmitted, and 0010 is the spreading code. We used to multiply the entire spreading code to the data for each data 
bit. Likewise proceeding, for all data bits, the spreaded or expanded signal comprise of four bits as shown in Table1. 
Table 1. Transmitter Section 
Data to be transmitted Spreading code Spreaded signal 
1 0010 1101 
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Table 2 shows the signal received and the spreading code needed to decode at the receiver side. 
Table 2. Receiver Section 
Incoming signal                    Spreading code Despreading Output 
11010010 1111 1 
0010                                      0010 0000 0 
0010                                      0010 





NB: 1 1 0   1 0 1   
In this manner it can be seen that the original data can be recovered precisely with the exact spreading or chip 
code. If another code been is used for decoding the CDMA spreaded signal, then it would result in a random series 
after de-spreading which would appear as noise in the system. 
The spreading code that is used here in this example is having a length of only four bits which enables the process 
to visualise more clearly. Commonly CDMA codes are of 64 bits, or 128 bits long for providing the required 
performance 
4. GNU Radio Implementation 
For the implementation of CDMA in GNU Radio as mentioned above block creation is required. These blocks 
along with other inbuilt blocks are connected in a particular manner according to the applications. The data flows 
through these signal processing blocks as a stream of data, where the length of the stream varies from time to time 
based on the scheduler, so it will be very important to handle it properly. Generallyblocks in GNU Radio are 
abstract C++ class and are of mainly three types, general blocks, synchronous blocks, interpolator blocks and 
decimator blocks. In this project the basic spreading, despreading and code tracking signal processing block are 
created by using the script from gr-modtool. 
The steps8  involved in creating them are as follows: 
Step1: Download gr-modtool. 
Step2: To the UNIX environment variable add the gr-modtool path of the folder (home/Documents/gnuradio/gr-
modtool-master). 
Step3: Go to GNU Radio folder for creating the modules like gr-spreading, gr-despreading, gr-codetracking. Type 
command gr_modtool new mod spreading. This step will create a new module named gr_spreading. 
Step4: Go to the gr-spreading folder. 
Step5: For creating the signal processing block (zcz_spreading), type the command gr_modtool add –t interpolator 
zcz_spreading, this is for creating spreading block inherited from interpolator block. 
Step6: Go to lib folder. Enter into zcz_spreading_impl.cc file. Edit the general_work function based on our 
requirements. 
Step7: To implement the GRC for the module, go to GRC folder and edit the .xml file accordingly. 
Step8: To run the module go to the gr-spreading give the command cmake –i, sudo make. Correct the errors coming 
while compiling. Then give sudo make install and sudo ldconfig. 
 
Similarly we can create the despreading and code tracking block. The despreading block is inherited from decimator 
(block type).  
4.1. Spreading Block 
Spreading block is a separate signal processing block. This block multiplies each incoming data with 64 
spreading ZCZ code. The each input is spreaded across 64 code length. Based on the user type  code is also changed. 
User 1 and user 2 will have different codes. The spreading block is inherited from the interpolator block. The 
interpolator provides the functionality of 1:N. Where for every one input there will be N outputs. For the spreading 
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block for every 1 input there will be 64 outputs since the code length is 64. The input and output ratio will be 1:64. 
Fig. 3 illustrates the same. 
 
Fig. 3.Differential encoding and spreading 
4.2. Code Despreading without code tracking 
Despreading block is a separate signal processing block in which the code acquisition function is also present. At 
the transmitter, oversampling is done at the RRC filter. Since the code length is 64 and the oversampling ratio is 4, 
the length of the symbol is 64 4 256u  . The start position is the start of the first fully available symbol in the 
buffer from which subsequent start positions of forthcoming symbols can be reached, which is 256 data away from 
the current acquisition position. The buffer size is 64 4nu u  where n  is the number of symbols. The data 
multiplied with 64 ZCZ codes are integrated and sent to the next signal processing block. The despreading block 
inherits from the decimator block, so for every 256 input samples there is only one output.  The input to the output 
ratio will be (N: 1). 
4.3. Decoding  with code tracking 
The start position of the code established should be verified as each time and if there is an error it should be 
corrected. This is done by code tracking. The code tracking plays an important role in moving the code acquisition 
position back and forth. This is shown in Fig. 4.  
 
 
Fig. 4.Differential decoding and despreading 
After the block creation, the connection is set up using different existing blocks, namely, random source, 
DBPSK, Root raised cosine filter and many more as seen in Fig. 5. The input signal used is random signal. This 
work uses ZCZ code of code length 64. The codes should be mentioned in the C++ coding part of the blocks. The 
code used  here is [1, 1, -1, -1, -1, -1, -1, -1, -1, 1, -1, 1, 1, -1 , -1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0, 0, 1, 1,-1, -
1, 1, 1, 1, 1, -1, 1,-1, 1, -1, 1, 1, -1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] .Codes can be any ternary code 
satisfying auto-correlation and cross-correlation conditions. The blocks take two inputs; they are arg: number of 
bits/symbol and user: number of users. The modulation scheme used is DBPSK which has an advantage of better 
performance at high noise levels. The root raised cosine filter is used for pulse shaping the spreaded signal and 
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finally the scope sink block is used to display the signal. Fig. 5. Shows the final experimental connection in GNU 
Radio and the blocks highlighted are those created as a part of this work. 
 
 
   Fig. 5. Final experimental connection of CDMA in GNU Radio 
5. Result and Discussion 
In this paper we have implemented CDMA system in GNU Radio and created three Blocks for Spreading block, 
Despreading block and Code tracking block for 2 users. The input, here random signal, is spreaded with the code, 
modulated and then despreaded  using the same code in Zcz spreading and Zcz despreading blocks respectively.  
The input signal can be recovered perfectly after despreading. Thus, the implementation of CDMA is done using 
ZCZ codes in GNU Radio successfully. This work shows how asynchronous multi user communication is possible 
without strict timing synchronisation among the users. 
6. Conclusion 
The low cost implementation of CDMA using the ZCZ code for real time implementation is achieved using GNU 
Radio. Integrating USRP with GNU Radio, it is possible for viewing the results on a real time basis. Using this 
experiment it was able to analyse data interactively. As an extension to this work multiple transmitters with different 
codes can be tried out along with audio and video signals as the input. 
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